the most important variable related to soil erosion (Packer, 195 1; Bailey and Copeland, 1961; Orr, 1970) and will account for as much as 76% of the variance of the logarithm of the weight of eroded soil (Meeuwig, 1970) . A cover of 60 to 70% is considered necessary for soil stabihty (Bailey and Copeland, 1961; Packer, 1963; Orr, 1970) , which on steep watersheds is generally reached in 2 to 4 years after burning (Glendening et al., 1961; Orr, 1970, DeByle and Packer, 1972) . Other factors that affect sediment production include intensity of storms, size and frequency of bare areas, and wettability of the soil. Orr (1970) found that summer storm runoff and sediment production were closely related to precipitation in excess of 0.36 inch/hour. Size of bare areas substantially affects the influence of a given ground cover (Packer, 195 1) . As the size of the bare openings increases, the influence of ground cover decreases. Bare soils in natural plant communities or following burns are generally hydrophobic (Adams et al., 1970) .
The effects of rangeland treatment practices on water quality are essentially unknown (Branson et al., 1974) , but sediment is the major pollutant that lowers water quality (Robinson, 1971; Grant, 1971) . Another important indicator of water quality is its calcium and magnesium content, which is usually expressed in terms of hardness (Hem, 1970) . Calcium and magnesium consume soap, thus reducing its sudsing ability. Calcium carbonate (CaCOa) content for soft, moderately hard, hard, and very hard water is O-60, 61-120, 12 l-180, and > 180 mg/liter, respectively (Durfor and Becker, 1964) . However, for ordinary domestic purposes, hardness does not become particularly objectionable until it reaches 100 mg/liter (Hem, 1970) . Hem states that total hardness, calcium plus magnesium hardness, and hardness as CaC03 are all synonymous terms.
The average concentration of sodium in river waters is 6.3 mg/liter (Livingstone, 1963) but is generally below this level in water from limestone formations. Potassium and pH are also of interest in relation to water quality. In most natural waters the concentration of potassium is much lower than the concentration of sodium (Hem, 1970) , but if increased by burning treatments, both concentrations will drop to preburn levels in the second year after burning (DeByle and Packer, 1972) . pH of ground waters varies from 6.0 to 8.5 (Hem, 1970) , but is not of much concern in hard waters used by municipalities because the water purification process usually controls pH. Twelve mini-watersheds were selected for study, which varied in size from 0.06 to 0.48 acre (Table 1) . They were paired on the basis of soil type and classified as level (l-4% slopes), moderate (8-20% slopes), and steep (37-6 1% slopes). One watershed of each pair was picked at random to be burned. Three were burned on March 24 or 25, 1972; and three were burned on December 13 or 16, 1972. They were burned without any prepared firelines when the wind was 4 to 5 mph, relative humidity was 26 to 50%, and air temperature was 37 to 51°F.
Methods
The level watersheds were bounded by a strip of 8-inch sheet metal, whereas the moderate and steep watersheds had natural boundaries.
Where necessary, a dyke was constructed on the upper end of some watersheds so that no overland flow from upslope could enter the test areas.
At the base of all watersheds, a metal dyke was installed. Flush with the soil surface, a 1-ft* opening in the dyke was connected to a trough that led to a collection tank (Fig. 1 ). The collection tanks varied from 750 to 3,000 gal, depending on the size of the watersheds.
The tanks and troughs were not covered, so the quantity of runoff water was always corrected for rainfall. Runoff samples were collected 24 hours after each storm. Sediment and sediment samples were collected every 1 to 3 months after the tanks were drained and had dried out.
Water of calcium from mg/liter of calcium + magnesium.
Using these data, water hardness was calculated from the following formula: mg/liter of Ca X 2.497 plus mg/liter of Mg X 4.1 16. Turbidity was measured in Jackson units (Rainwater and Thatcher, 1960 ) on a scale of 0 to 400 using a UV-Vis spectrophotometer.
A reading of 0 would be obtained using distilled water with 100 transmittance, whereas a reading of 400 would be for very turbid water with no transmittance of light. pH was determined with a Sargent-Welch pH meter model LSX. Parts per million of nitrogen were determined by a standard formula: percent organic matter/2 X 1,000. This formula assumes an organic matter to nitrogen ratio of 2O:l (Buckman and Brady, 1961) .
DATE
Volume of runoff and weight of sediment were determined in the field. Runoff was determined by measuring the depth of water in tanks, subtracting the correction for rainfall, and then calculating inches of runoff per acre. Sediment was weighed, corrected for water content and then calculated as tons per acre. Cover (live vegetation plus litter), rock, and bare soil were determined by a vertical ocular estimate using fifty 2.4-ft* rectangular plots on each watershed. These data were taken before treatment and after the spring and fall growing seasons each year.
Soils on the 1 to 4% slopes are uniform Krum clay loams. The Krum series is a member of the fine, mixed, thermic family of Vertic Haplustolls.
The C horizon contains segregated lime.
declined after burning until soil material stabilized in 9 to 15 months on moderate slopes and in 15 to 18 months on steep slopes (Fig. 2) . This stability was exhibited despite several intense rain storms (total of 17.4 inches) during the last 1.5 months of the study period. Some soil was still being lost from one steep watershed (No. 12) 2.5 years after burning, but it was only 0.125 ton/acre (part of the 0.2 18 value in 
Results and Discussion
Soil losses following burning occurred only on the moderate and steep slopes ( Table 2 ). The loss rates gradually Cover (live vegetation plus litter), the size of bare areas created by burning the juniper piles, and loose piles of soil where juniper trees had been dozed and pushed together, all the first 18 months after burning probably came from loose piles of soil on bare areas. Soil from these areas on steep areas eroded rapidly. There was almost no evidence of pre-existing piles 18 to 24 months after burning. Cover reached 66 to 68% on the moderate slopes after two spring growing seasons (1.5 months). By comparison, the steep slopes had only 58% cover after two spring growing seasons and required 2 1 to 30 months to achieve a 63 to 68% cover. Even with more than 60% cover, the steep, burned watersheds lost some soil (Table 2) . Revegetation was slow on steep slopes where bare areas were from 3 X 6 ft to 12 X 15 ft in size.
Nutrient and organic matter losses due to erosion of soil, were relatively low in proportion to the amount available in the upper 6 inches of the soil profile. Losses of N, P, K, and organic matter (O.M.) from the upper 6 inches of soil were less than 2% for all elements during the 2.5-year period following the burn on moderate and steep-sloped watersheds. Below is a tabulation of percent nutrient and organic matter losses from the watersheds: Only traces of elements were lost from level areas and from the controls. Phosphorus was the element most susceptible to loss. These losses do not include nutrients lost in runoff water as organic particulate or dissolved organic or inorganic nutrients.
After 12 to 18 months, overland flow (Table 3) on moderate slopes was similar to that of the controls, but was higher on the steep slopes than that of the controls after 30 months. Thus, on the steep slopes, overland flow appears to be a function of the rate at which bare areas heal.
Watersheds 5 and 6 were on a Brackett gravelly loam soil, and water seeped from them following several 1.5 to 5.1-inch storms. This complicated the interpretation of the effect of cover on overland flow. Thus, when seepage or saturated overland flow influenced runoff on level and moderate-sloped watersheds, data from those storms was excluded from total overland flow (data in parentheses in Table 3 ). This helped us to interpret the effect of cover on overland flow for several watersheds.
Water did not seep from watersheds 7 and 8, but watershed 7 had a shallow A and B horizon, which minimized infiltration after several inches of rain had fallen. The level areas were saturated occasionally following 8 to 9 inches of rainfall within a IO-day period. Once the soils were saturated, water rapidly ran off all level and moderate slopes. The unburned steep slopes (Somervell gravelly clay loam) produced little overland flow, except on rare occasions when the saturated soils produced temporary springs. Thus, these steep slopes, because of their high infiltration and percolation rates, usually help stabilize runoff during peak overland flow periods. This could be a good reason for not burning steep slopes until we know how to stabilize them more quickly.
Quality of water following burning on limestone soils, as indicated by turbidity, was good on level areas, fair on moderate slopes, and poor on steep slopes (Table 4) . Turbidity of runoff from moderate slopes is comparable to that of the control in 1.5 years after burning. On the steep slopes, turbidity did not change until 2 years after burning. Then it declined rapidly to 60 Jackson units on burned areas compared to 18 on the control. Turbidity of runoff from steep slopes may not reach the level of control watersheds until 3 to 4 years after burning.
Total hardness (mg/liter of Ca X 2.497 plus mg/liter of Mg X 4.116) of water was not affected as seriously by burning as turbidity. Neither runoff from the level areas nor runoff from moderate slopes on brackett gravelly loam soils changed in water hardness (25) due to burning, but water from the Brackett gravelly loam soils was always moderately hard (80). Runoff from moderate slopes with Shep loam and Hext fine sandy loam soils was soft (< 60) within 6 months after burning, but it was not comparable to the controls until 18 months after burning (48). Water from steep slopes was moderately hard for 30 months (95 vs 32 for control). Calcium accounted for 57% of the water hardness on all watersheds; the remainder was due to magnesium.
Sodium was always low in the runoff water from these limestone-derived soils. Over a period of 2.5 years, it was below 1.0 mg/liter on all watersheds during eight out of ten 3-month periods. During the other two periods, which were dry spring or summer months, the average sodium concentration varied from 0.2 to 6.3 mg/liter. The highest readings were associated with unburned plots, so burning did not increase salinity of water.
Burning affected pH of runoff water slightly. On control watersheds with level, moderate, and steep slopes pH was 7.3, 7.6, and 7.4, respectively. On burned watersheds it was 7.3, 7.7, and 7.7 for the same slopes over an 18-month period. Differences in pH on the moderate and steep slopes were significant, but of little biological importance. No *differences in pH were detectable after 16 months from runoff water on the moderate slopes, but they were still detectable after 30 months on steep slopes.
Conclusions
Prescribed burning in central Texas significantly affected hydrologic properties of limestone derived soils with 15 to 53% slopes. Soil losses (1 ton/acre on 15% slopes and 8 tons/acre on 53% slopes) stabilized in 9 to 15 months on moderate slopes and in 15 to 18 months on steep slopes. Nutrient losses in the upper 6 inches of soil did not exceed 0.53, 1.78, and 1.13% for nitrogen, phosphorus, and potassium, respectively, on the most severely eroded sites. Based on observations, most eroded soil was derived from piles of loose soil beneath dozed juniper trees that burned.
Cover reached 66 to 68% in 15 months after burning on moderate slopes but it took 2 1 to 30 months to reach a similar ground cover on steep slopes. Ground cover and the number and size of bare spots (where piles of juniper burned) seemed to be the controlling factors influencing overland flow.
Water quality, primarily turbidity and total hardness, was related to vegetative cover. Following burning, water was soft from level areas, moderately hard for 6 months on 15 to 20% slopes, and moderately hard for more than 30 months on 53% slopes. Water from burned watersheds was more turbid than water from controls for 1.5 years on moderate slopes and for at least 2.5 years on steep slopes. Sodium was always low, and pH increased only slightly after burning moderate and steep watersheds.
This study indicates that slopes less than 20% can be tree-dozed and left to heal naturally after burning without serious soil or water quality losses. Slopes over 45%, however, on the Somervell soil series lose 6 to 8 tons/acre of soil if burned, and water quality is lowered. In the unburned condition this soil imbibes almost all water and produces no sediment. As a management alternative, steep slopes might be left alone and used for wildlife cover to preserve the watershed values of the range.
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